One of the objectives of the EU Common Fisheries Policy (CFP) is to increase the contribution of fisheries to fish food availability and self-sufficiency. Still, the use of catch is often a secondary concern in fisheries governance and management -or not a concern at all -while the focus is on harvesting. This paper examines how the use of forage fish for human consumption can be increased within the limits of sustainability, using Baltic herring as a case study. Baltic herring contains high levels of dioxins and the human consumption is very low: the catches are mostly used for industrial purposes. The paper uses a participatory backcasting exercise to define a desirable future vision for the use of Baltic herring catch and to develop pathways of actor-specific governance actions to increase the use of the fish as a safe-to-eat food. The results reveal that increasing the contribution of forage fish, such as Baltic herring, to food security entails a paradigm shift in fisheries governance that involves 1) inclusion of well-defined objectives for catch use in the EU CFP and the related regional multiannual plans, 2) broadening the scope of the MSY-driven governance and management to one that addresses catch use, and 3) proactive catch use governance.
Introduction
The recently reformed EU Common Fisheries Policy (CFP) calls for increased contribution to food security while "paying full regard" to food and feed safety to decrease the dependence of the EU fish and seafood market on imported products [14] . The growing demand for fish in the EU [19] has been met mainly by importing fish from non-EU countries, including developing countries, and increasing aquaculture production [17, 44, 65] . These are of concern, because the former may weaken food security in the poorer regions of the world [2] , and the latter has adverse effects on the marine environment [27, 61] . In addition, many fisheries around the world have been exploited at intensities that have driven fish stocks far below the maximum sustainable yield (MSY) levels [3] . At the same time, small pelagic species, the largest group in capture fisheries, have been used primarily for industrial purposes [20, 62] , despite the repeated call by the UN to prioritize the resource for human consumption [21, 24, 25] .
The reformed EU CFP raises food security as a new issue to address and to aim at in fisheries governance. However, it identifies aquaculture as the only strategy to increase food security, while the contribution potential of small pelagic forage fish that have been underutilised from the perspective of food security is not mentioned. Instead, the European Parliament and Council have emphasized that "all fishery products landed, including those that do not comply with common marketing standards, may be used for purposes other than direct human consumption" [15] . This indicates that currently there is no interest to govern the use of the catch at the EU level and that the trend of reducing wild captured fish into feed is likely to continue unless the issue is more explicitly addressed.
At least two explanations can be identified for the apparent limited interest in governing the use of the catch. First, fisheries governance has evolved from the need to control the use of common-pool resources in an ecologically sustainable manner [28, 41, 43] . The MSY principle, which aims to restore and maintain fish abundance above the levels that can produce the largest yield [14] , has been the main tool to govern harvesting [18, 39] . Owing to the over-riding aim of fisheries governance to maximise the harvest in an ecologically sustainable way (see e.g. UN Law of the Sea, EU CFP, UN Sustainable Development Goals) and the narrow definition behind the MSY principle, many other issues and objectives, such as food security, are not explicitly addressed by the fisheries governance [52] . Second, commercial fishing has been treated as business activity that is largely driven by economic objectives [56] and therefore fisheries governance has tended to rely on marketbased mechanisms and self-organising fishers to maximise economic growth [6] . Although the use of the catch can be affected by governance mechanisms that are imposed on the fisheries sector, such as food safety requirements, trade policies [64] , and sustainability certifications [47] , catch use is ultimately determined by market conditions, i.e. demand, costs and revenue [56] , which Stephenson et al. [59] have considered largely uncontrollable by fisheries governance and management.
The aim of this paper is to examine how food security and safety issues could be integrated in fisheries governance. The paper defines food security as "physical availability of food, economic and physical access to food, food utilisation, and stability of the three dimensions over time" [23] . Food safety refers to the quality of the product, namely that the fish is safe to eat [16, 25] . The paper uses the governance of Baltic herring (Clupea harengus) fisheries as a case study to explore how the contribution of forage fish to food security could be increased. Baltic herring has been regarded as an abundant and sustainable resource [33, 34] , but as the majority of the catch is used for industrial purposes, the species has a great contribution potential to food security. After the collapse of the Baltic cod stock in the late 1980s, Baltic herring and sprat have been the main commercial catch species in terms of volume in the Baltic Sea [73] . However, the relative importance of Baltic herring varies between the nine Baltic Sea riparian countries: while all nine countries have a herring fishery, the largest annual herring quotas have been allocated to Finland and Sweden, circa 40% and 20% respectively [33, 34] .
The paper is structured as follows. First, a background of the use of Baltic herring catch and food security and safety in fisheries governance is provided. The methods section describes a participatory backcasting method that was applied to define a desirable future state for the use of Baltic herring catch and to create pathways of actor-specific governance actions towards concrete acknowledgement of food security and safety in fisheries governance [54] . This is followed by a discussion on how to increase the contribution of Baltic herring to food security within the limits of sustainability from the perspectives of the abovementioned obstacles for catch use governance, namely the aquaculture-driven food security policy, the MSY-driven fisheries governance and management, and the market-driven catch use governance.
Background

The use of the catch
Baltic herring has been a traditional source of food in many Baltic Sea countries, but over the past few decades the demand for it as food has decreased to an all-time low [26, 42] and instead, the majority of the catch has been fed to fur animals or reduced to fishmeal and oil [33, 38] . In Finland, for example, around two thirds of the catch have been used to feed fur animals since the 1980s [57, 58] . One plausible explanation for the decreased demand for Baltic herring as food is related to the simultaneously increased demand for and supply of farmed salmon and rainbow trout, and canned tuna [26, 40, 42] . In addition, Baltic herring is consumed mainly by elderly people [26, 40] , which implies that in the future the demand is likely to decrease further unless the demand for herring products amongst younger people begins to increase. The use of the catch is also affected by the conventional and largely-accepted focus of the Baltic herring fleets on targeting herring primarily for industrial purposes [38] . This decreases the availability of Baltic herring suitable for human consumption.
From the food safety perspective, the potential to use Baltic herring for human consumption is restricted due to high concentration levels of dioxins, which often exceed the maximum allowable level established by the European Commission for food and feed [10] . Dioxins are persistent organic pollutants (POPs) that accumulate in the fatty tissue of herring and are known to have adverse impacts on ecosystems and human health [1, 30] . The dioxin concentrations have been decreasing from their peak in the 1970s, but the problem still remains in many parts of the sea [71] . Currently, herring from the southern and western parts of the Baltic Sea is considered to be compliant with the regulation, while large herring 1 from the northern and eastern parts, is likely to exceed the maximum allowable dioxin level [9] . As a result of the dioxin regulation [10] , the EU Member States are not allowed to place fish that exceeds the maximum allowable level of dioxins on the EU food market. However, Finland, Sweden, and most recently Latvia, have been granted an exemption to place such fish on their national markets, providing that they inform consumers of the related health risks [13] . The main arguments behind the exemption request in Finland and Sweden include cultural importance of Baltic herring, health benefits related to fish consumption and the need to protect fishermen's livelihoods [1] . The exemption is particularly crucial from the Finnish perspective, because the nation's most important commercial fishery operates mainly in the Gulf of Bothnia [46] , where the dioxin concentrations are the highest, but also since the traditional Finnish herring dishes are made exclusively of large herring.
The other Baltic Sea countries, which could also apply for the exemption, but have chosen not to, have implemented alternative strategies. For example, in Estonia, where the majority of the catch is used for direct human consumption, the strategy is to target small, safe-toeat Baltic herring to gain access to the EU market [7] . Whereas in Denmark, the majority of the Baltic herring catch is used for industrial purposes [8] . Russia, the only non-EU member state in the Baltic Sea region and therefore the only country unaffected by the dioxin regulation, has been a significant buyer of Baltic herring intended for direct human consumption. In mid-2014, the exports to Russia came to halt as a result of the sanctions between the EU and Russia related to the crisis in Ukraine. This share of the catch has been since used mainly for industrial purposes [46] . The fish fed to fur animals is not limited by the regulation, but the feed used in aquaculture is. However, over the past decade the removal of dioxins from the fishmeal and oil during the production process has become cost-efficient, and therefore, the use of Baltic herring as feed in aquaculture has been increasing [58] .
Food security and safety in fisheries governance
Baltic herring fisheries are governed in a multi-level setting. Within the formal governance system, decisions on fisheries management and regulations are made at the EU level and their implementation is carried out at the national level. In addition, there are two regional bodies: the Baltic Sea Fisheries Forum (BALTFISH), which is a platform for cooperation between the EU Member States in the Baltic Sea region on fisheries management, and the Baltic Sea Advisory Council (BSAC), which is a stakeholder forum.
The management of Baltic herring fisheries is realised via the EU CFP and the related multiannual plan for the stocks of Baltic cod, herring and sprat [13] . These policies do not address the use of the herring catch explicitly. This has not always been the case: between 1977 and 1998, the direct fishing and landing of herring for purposes other than human consumption was prohibited in the EU on the basis of overexploitation and declining herring stocks [11, 12] . Thus, if there is political will, the EU enforcement power could be harnessed also to enhance the contribution of Baltic herring to food security.
In the absence of formal top-down arrangements, bottom-up initiatives have emerged to enhance the use of fish as food in a sustainable way. The Marine Stewardship Council (MSC) is an international non-profit organisation, which works together with fisheries, scientists, and seafood producers and brands to certify sustainable fisheries. In the Baltic Sea, the Western Baltic spring spawning herring fishery has been certified to the MSC standard in 2015, while the Finnish herring fishery was entered into the assessment in early 2017. Similar certification, provided by the Aquaculture Stewardship Council (ASC), is available for farmed fish, such as Rainbow Trout, and it entails that the fish used as feed is MSC certified. Other examples include: the John Nurminen Foundation's Local fish project, which combines nutrient recycling and increased fish food availability and self-sufficiency by bringing domestic cyprinid fish to plates; the WWF sustainable fish guides, which help consumers to make responsible choices when purchasing seafood products; and the work of the Finnish Pro Fish Association, which aims to increase public awareness of domestic fish products.
Material and methods
A participatory backcasting method [48, 54, 55] was used to develop concrete suggestions to increase the use of Baltic herring as food. The backcasting exercise was arranged as part of a two-day expert workshop on the dioxin problem of Baltic herring organised in Copenhagen, Denmark, in February 2016. Eleven fisheries and dioxin experts, representing fishermen, producer organisations (both food and feed), researchers, administration, and non-governmental organizations, 2 were engaged to produce recommendations and paths to achieve a desirable future point [36, 49, 54, 55] .
Backcasting is a normative scenario method that can be useful to study transformations to a more sustainable world [55, 69] . The rationale behind the method is to work backwards from a desirable future state to the present, in order to identify actions needed to reach the desired state, and to assess its feasibility and implications [53, 54] . Backcasting scenarios can be policy-relevant when they connect longterm objectives to short-term decisions and actions [32] . Thus, they can facilitate achieving policy objectives by determining concrete stakeholder-specific actions and steps for that. Stakeholders and scientists are often engaged in the backcasting exercise to co-produce the normative scenarios and recommendations [5, 55, 72] . Therefore, a heterogeneous group of experts was invited to the workshop [31, 63] to identify 1) governance actions to increase the use of Baltic herring for food, and 2) actors capable of executing the actions by moving beyond current state and "business-as-usual" trajectories [70] . The focus of both the workshop and its analysis was on "who should do what" rather than "who said what", in order to identify a diverse set of actions and actors to address the question, also beyond the stakeholder groups involved in the workshop.
The backcasting exercise comprised three main steps. First, the experts were asked to define future visions for the use of the Baltic herring catch and the dioxin problem of herring. The suggestions were deliberated, and it was agreed that the main vision to be used in the exercise was to increase the use of Baltic herring for human consumption significantly by 2040. This particular end-point was considered suitable for this purpose as it was close enough to the present time for the issue to remain relevant, and far enough to allow changes to take place. The research team further divided the vision into three more specific subtargets for the backcasting exercise based on the suggestions and deliberations: 1) 35% of the total Baltic herring catch is used for human food in Baltic Sea countries, 2) 40% of the total Baltic herring catch is exported and consumed as human food, and 3) dioxin level in Baltic herring used for human food decreases to a safe level. Second, the experts were divided into three parallel working groups to develop paths and milestones to reach each target, respectively. This was followed by the third step, which was to identify stakeholder-specific governance actions that are needed to reach the milestones and the ultimate target. The discussions were supported and structured by backcasting tables into which the actions, and the actors needed to support their execution, were recorded. The discussions were also tape-recorded and transcribed after the workshop to ensure that material not included in the tables was also part of the analysis.
For the purpose of this paper, the collected material was analysed from the perspectives of 1) ensuring that the dioxin problem is under control (food safety), 2) increasing the use of Baltic herring for human consumption (food security), and 3) division of responsibilities between actors. In order to enhance the credibility of the results, the empirical material was triangulated [63] with secondary material, including empirical material from the other sessions of the workshop, 3 literature, policy documents and statistical databases. The results are presented in the next section.
Results
Pathways to get the dioxin problem under control
"Dioxin is a killing factor. (…) Dioxin is the bottleneck for further development of markets." Representative of a fishermen's organisation, Sweden
The experts considered getting the dioxin problem under control as a prerequisite for increasing the contribution of Baltic herring for the food security objective. Although exports outside the EU are not restricted by the dioxin regulation, exporting fish that does not meet the EU's own safety criteria was considered an unsustainable and unethical strategy in the long-term as awareness and social responsibility grow. Therefore, a set of pathways relating to how to get the dioxin problem under control were created. These are presented in Fig. 1 and the key actions include: 1) using small, safe-to-eat herring for human consumption, 2) developing fisheries management strategies to decrease the dioxin levels in Baltic herring, 3) dealing with dioxin sources, 4) changing dioxin risk management and 5) reducing the overall dioxin exposure by reducing the dioxin risk of other foods. These are complementary to each other and provide a way to deal with the dioxin problem at different timeframes ranging from immediate to long-term (2040).
In the short term, the key action identified by the experts to get the dioxin problem under control was to sort the catch and use small, safeto-eat Baltic herring for direct human consumption. It was stressed that this action could increase the contribution of Baltic herring to food security significantly, owing to the large abundance of small under 17 cm herring in the catch (see e.g. [7, 51] ). To increase this share further, it was suggested that fisheries could employ size-selective fishing to target explicitly smaller fish by using certain mesh sizes and fishing closer to the sea surface (see also e.g. [51] ). However, employment of size-selective fishing on a larger scale was noted to require further development of methods and practices.
"This is what we do in Estonia, we sort out 10% and the rest complies with the regulation. This means that 90% we can use for human consumption. (…) This is one of the most efficient ways to do it (to increase the supply of compliant herring on the market)." Representative of food safety authority, Estonia
Increasing the use of large, non-compliant Baltic herring as food was also seen as possible within safe limits. The rationale for this was twofold. First, it was noted that the Finnish and Swedish dioxin risk perception and management, which allows the consumption of large Baltic herring based on public dietary recommendations, could also be adopted by the other EU countries [25, 67] . This was considered plausible, since the risks relating to dioxin exposure are subject to great uncertainties and the maximum levels for dioxins in Baltic fish are ultimately set through political decision-making processes, which as Assmuth and Jalonen [1] have pointed out involve "value judgement, conventions and pragmatism". Such change in dioxin risk management could open access for all Baltic herring products to the EU market and therefore lead to increased consumption. Second, it was argued that in Finland and Sweden, where the exemption is applied, and people consume mainly large Baltic herring, the consumption in general is so far below the recommended maximum intake that it could be increased manifold within safe limits. According to Tommila et al. [66] , such an increase could replace circa 10% of the imported fish in Finland.
"There should be information (in stores and restaurants) about the advice and if people see that once a week is ok for large part of the population, then I would believe that they'd eat more. So there is already potential to increase the consumption now within the current dioxin problem." Representative of food safety authority, Sweden
In the long term, the key actions identified by the experts were to change and ultimately remove the EU sale restriction. Three sets of pathways relating to this were created. First, it was stressed that the dioxin sources need to be addressed in order to decrease the dioxin levels in Baltic herring to a safe level. Reducing long-distance and local emissions was considered the most important action but exploring the feasibility of removing dioxins from the Baltic Sea sediments was also suggested (see also [71] ).
Second, the experts suggested that the Baltic Sea fish stocks could be managed in a way that reduces dioxin levels in Baltic herring. The rationale behind this was that the faster the herring grows the less the dioxins accumulate (see also [45] ). Thus, the growth rate of herring could be increased by removing small herring extensively and thereby allowing the juveniles to grow faster (ibid. [46] ). It was suggested that this could be done by 1) managing Baltic cod fishery to increase predation on small herring, or 2) size-selective fishing. The former was noted to entail stricter regulation on the Baltic cod fishery in order to allow the stocks to grow, but this was expected to be an unpopular action due to the implications to the cod fishery. The latter option was therefore considered more suitable as it is a more technical issue and regards the Baltic herring fisheries alone, although the technical feasibility of the action was contested (see also [74] ).
Third, it was suggested that the dioxin risk related to Baltic herring could be reduced by reducing the human exposure to dioxins caused by other food stuffs. The experts pointed out that this could be done either by promoting low-meat and low-dairy diets or by reducing dioxins in animal feed.
"Intake of dioxins of a vegetarian, let's say lacto-ovo-vegetarian, is much, much, lower than regular consumer's. If you eat fruits and vegetables you decrease consumption of animal products and that will have a good effect on dioxin intake. Everyone should be vegetarian and dioxin would then not be a problem." Representative of food safety authority, Sweden
Pathways to increase the use of Baltic herring as food
The pathways to increase the contribution of Baltic herring to food security are presented in Fig. 2 . They include actions to increase the use of Baltic herring as food and fish feed, and also actions to establish the production of fishmeal and oil for direct human consumption. Regarding the first one, the pathways culminate in accessing the fish food markets, which was not considered to be affected only by the dioxin problem, but also by limited supply of Baltic herring suitable for human consumption and low demand in the Baltic Sea region.
Increasing the supply was believed to necessitate structural changes within the fishing industry. More precisely, the experts called for a shift from feed to food-directed fishing, which was acknowledged to require investments in on-board freezing equipment in large vessels or increased use of small vessels that land their catches locally and regularly, thereby guaranteeing a continuous supply of Baltic herring suitable for human consumption.
"Because the Finnish vessels fish where they do, there's no point for the big vessels to go out for one day and come in and freeze for human consumption. They stay out for a week. This means that the first, second and third trawl are for fishmeal and the last trawl for human consumption." Representative of a fishermen's organisation, Estonia "Then we have a problem with the structure of the industry. They (vessels) tend to be very large ones and landing bulks in Skagen (Western Danish coast). We need small vessels landing locally and regularly." Representative of a fishermen's organisation, Sweden Implementation of such structural changes, although necessary to meet the target, was considered risky as long as the market for Baltic herring food products is underdeveloped and there are uncertainties relating to the demand. However, the experts were optimistic that the demand could be increased through the following actions: 1) investing in the development and promotion of new and traditional products made of both small and large Baltic herring, 2) using certifications and other labelling as marketing tools to brand and promote local, sustainable and healthy Baltic herring products, and 3) creating strategies and information campaigns to improve the image of Baltic herring as well as the Baltic Sea, which was noted to suffer from a poor image as a sea with many environmental problems.
In addition, creating and developing markets for Baltic herring in and outside the EU were called for. The European fish market was viewed as very competitive and protective of the existing market shares, and therefore carefully planned strategy was suggested to open the market for Baltic herring. The fish markets outside the EU were noted to provide a huge potential for increasing the use of Baltic herring as food due to increased demand for fish and the current poor state of many wild captured fish stocks. For example, the Estonian fisheries representative noted that the demand in China is already "so huge that we must combine from all the Baltic to satisfy", but he continued that gaining access to large export markets, such as the Chinese market, can be a slow and bureaucratic process.
"If you want to export you have to be approved by different authorities so it takes a lot of time (to create an access on the Chinese market), two years." Representative of a fishermen's organisation, Estonia
Owing to the dioxin problem, reducing Baltic herring to dioxin-free fishmeal and oil was considered an important way, especially in the short term, to increase the contribution of Baltic herring to food security. The identified actions to develop domestic and export markets included new factories that are able to remove dioxins from the product and the use of certifications that indicate the environmental and social responsibility of seafood production. The growth potential of fish feed made out of Baltic herring was thought to be restricted by the high and steady demand from the fur industry. In contrast, the experts stressed that there are synergies between direct human consumption and aquaculture production if the by-products from food processing (e.g. the waste that remains after filleting) are used in feed production (see also e.g. [20] ).
"My vision is that the whole catch goes to human consumption and only the filleting waste goes to meal and oil industry." Representative of a fishermen's organisation, Finland Finally, actions to create a market for Baltic herring fishmeal and oil for human consumption were identified. These included responding to the growing demand for healthy fish products, and investing in new production lines or, alternatively, revising regulations to allow the production of fishmeal and oil for human consumption in the same production line as for feed.
"The Danish factories don't produce fishmeal and oil for human consumption, because of the legal regulation. They are not allowed to use it. Because they are considered by-products. Completely same factories in Peru can produce for human consumption, but not in Denmark. But they are trying to change it. It should be the products, the quality of the products that decides whether it can be used or not." Representative of fishmeal and oil industry, Denmark 
Actor-specific governance actions
The actor-specific governance actions identified by the experts are summarised in Table 1 . As demonstrated by this summary, several actors can play a meaningful role in the implementation of the identified actions needed to reach the targets. The responsibilities of the formal fisheries governance system would include revising policies (e.g. making sorting compulsory) and providing financial support to actions implemented by the other actors. However, the identified actions cannot be implemented only by the fisheries governance system. For example, actions from the health sector would be needed to revise the food safety regulations. Similarly, to deal with the dioxin sources, actions from the environmental sector, in collaboration with the polluters, would be needed.
The actions relevant for market actors, such as the fishing and food industry, would be mostly related to the investments needed for product development and marketing, although their role as lobbyists was also acknowledged. Civil society's role in implementing the identified actions would be first and foremost related to improving the image of Baltic herring and providing certifications. Science would be needed to increase understanding on the risks and benefits relating to fish consumption, and also to explore the potential socio-economic and environmental impacts of the suggested actions such as size-selective fishing. Table 1 Actor-specific governance actions developed by the experts to get the dioxin problem under control and to increase the contribution of the Baltic herring fisheries to food security by 2040.
Governance Actions Policy Markets Civil society Science
Actions to get the dioxin problem under control
Use small herring for human consumption
Sorting to be made mandatory. Campaigns to promote the consumption of healthy fish.
Campaigns to promote the consumption of healthy fish.
Assessment of area-specific percentages that need sorting out. Manage the Baltic Sea fish stocks to decrease the dioxin levels in Baltic herring Make herring grow faster by increasing quota for herring or reducing quota for cod.
Decision to target small herring (size-selective fishing).
Technical feasibility, and socio-economic and environmental impacts of size-selective fishing, increased fishing pressure and increased predation. Deal with dioxin sources to decrease input to the Baltic Sea Political decisions and investments. Implementation of existing regulations and control. Public campaigns on raising awareness.
Development and implementation more efficient dioxin removal processes.
NGO campaigns to raise awareness, public pressure to act or not to act.
Scientific evidence on the role of different sources and how they could be reduced.
Change dioxin risk perceptions
Adoption of Finnish and Swedish dioxin risk perceptions and management in other EU countries.
Promote new dioxin risk perception and management.
Dioxin risk and benefit analysis.
Reduce dioxin risk by reducing dioxin exposure from other food Policy integration to promote healthier diets and climate mitigation (more vegetables and fish, less dairy and meat).
Promotion of healthy food choices.
Campaigning based on science.
Research on health, climate and other impacts of different foods. 
Increase the amount of herring exported outside of EU for food
Good international relations with other countries.
Creating new trendy products and active marketing.
Ecolabels and certifications important competitive advantage, promoting the image and brand of Baltic herring. Ambassadors to promote the products.
Market studies to scan opportunities. Health studies to communicate potential risks and benefits. Socio-cultural value studies to find consumption patterns.
Certification (MSC/ASC) of herring products
Implementation of multi-species management plan, support fisheries to adopt certificates and science to assess and develop standards.
Decision to apply for and use certifications. Financial investments.
Power of consumers to choose products, open and inclusive certification processes.
Certification assessments, audits and development of standards.
Use fishmeal and oil made of Baltic herring for human consumption
Removal of by-product restrictions. New EU rules and regulations.
Developing the market. MSC certification. Studies relating to quality, monitoring and health.
Increase the use of Baltic herring in aquaculture
Good management required by the MSC certification.
Use certifications to increase use of herring in aquaculture production.
Discussion
The results of the paper show that there are multiple ways to increase the use of Baltic herring as safe-to-eat food. The developed pathways comprise direct and indirect ways to contribute to food security in the EU and globally, both in the short and long-term. This implies that the use of the catch is not as uncontrollable as perhaps previously thought [59] . Based on the results, the paper identifies three main shifts needed to support the integration of food security and safety in fisheries governance: 1) from an aquaculture-driven food security policy to one that also defines targets and measures for forage fish that have been underutilised from the perspective of food security, 2) from the narrow MSY-driven fisheries management and governance to a broader perspective that addresses what happens to the catch after landing, and 3) from a market-driven approach to proactive catch use governance to increase demand and supply within the limits of sustainability.
First, the trend of reducing wild captured fish to feed is likely to continue as long as the EU CFP defines aquaculture as the only strategy to increase fisheries' contribution to food security. Such a narrow strategy ignores the well-established need for both wild captured fisheries and aquaculture to meet the growing demand for fish as a source of food [20, 65] . The results of this paper support the idea that from the food security perspective there are synergies rather than trade-offs between the use of the catch as food and in aquaculture [18] . More to the point, the results demonstrate that defining shared future visions and targets for the use of the Baltic herring catch among different stakeholder groups and jointly identifying pathways towards them, can be useful for maximising the contribution of the fishery to the food security objective. In practice, the implementation of the co-produced targets and actions entails that they are mandated and formally collected to the policy system or that similar deliberations are arranged within the system. According to the Green Paper [4] related to the EU CFP reform, poorly-defined management objectives had hampered the implementation of the previous EU CFP and achieving its targets. Therefore, this paper argues that owing to the universal food security principles [14, 25] , objectives and measures to increase the use of forage fish as food should also be defined in the EU CFP and especially in the related regional multiannual plans.
Second, broadening the scope of fisheries governance towards a system that considers food security, and thereby also food safety aspects more explicitly, would be needed to support the implementation of a catch use related food security objective. A wider perspective on fisheries governance could also have positive implications for achieving the other fisheries management objectives. For example, the use of the catch does not affect the ecological sustainability of the stock as long as harvesting is considered to be sustainable. Instead, prior studies have found that the inclusion of ethical issues such as food security in fisheries governance can enhance ecologically sustainable harvesting [22, 37] . Moreover, increasing the use of Baltic herring for human consumption can have positive impacts on employment and income as it could create more processing jobs in the fishing sector and as the fish sold for human consumption has been of higher economic value than that sold for industrial use [42] . Increasing the competition between the different uses of forage fish might also improve the profitability of fishing [62] .
However, breaking the path dependency relating to feed-directed fishing might be particularly difficult, not only because of the many obstacles to increasing the use of Baltic herring as food, but also due to the recently increased opportunity to use Baltic herring as dioxin-free feed in aquaculture. The latter alone has increased the contribution of Baltic herring to food security indirectly and improved the viability of the herring fishing industry [58] . The willingness of the fishing industry to invest in structural changes and product development could also be decreased by the narrowing monetary gap between fish sold to industrial use versus food [42] , and the fewer restrictions concerning feed production. In this scenario, the dioxin problem could be accepted as it is, without further efforts to manage or solve it. This tendency to remain on the current governance path is supported by previous research, which has shown that diversion from it is one key challenge in the implementation of cross-sectoral, ecosystem-based management in the Baltic Sea region [29] .
Third, proactive catch use governance would be needed to increase the supply of safe-to-eat fish on the food market in a sustainable manner and to create demand for species that have been less valued as food. The presented study demonstrates that collaboration and deliberation between fisheries, public health and environmental authorities and experts on the inclusion of food security and safety issues in fisheries governance is likely to yield practical solutions for dealing with the dioxin problem of Baltic herring and increasing its use as food. This finding is somewhat contrary to a previous study that has demonstrated less successful inter-sectoral collaboration between fisheries and environmental sectors owing to conflicting rationalities [60] . One possible explanation for this difference is that regarding the use of Baltic herring catch, there appears to be a shared interest across policy sectors to increase its use as food and to facilitate this, to develop different ways to enhance its safety.
The results do not support the idea of strict top-down regulation of catch use, but instead, they suggest possible actions and decisions that could be taken by the formal governance system at the EU and national levels as well as by the fishing industry, science and the civil society to support their implementation. Fundamentally, these actions are related to increasing the supply of Baltic herring suitable for human consumption and creating demand for it. Their implementation involves financial risks and therefore, as long as the demand remains low, there might be little incentive to increase the supply. However, changes in demand have previously reflected changes in the marine ecosystem and thereby food availability [35] . This implies, given the growing demand for fish and seafood [18] that increasing the availability of safe-to-eat Baltic herring products on the fish food market could also increase the demand.
Examining the results from the perspective of multi-level governance, it was surprising that the experts did not address the potential role of the regional policy and governance level in the implementation of the identified actions. This might be because, on the one hand, food security and safety related issues have been traditionally dealt with at the EU and national levels, and on the other hand, because the role of the two institutions, the BALTFISH and BSAC, between the EU and national level governance system has been perceived as ambiguous and lacking in authority in fisheries governance [50, 68] . Yet, the implementation of the EU CFP calls for nested governance systems that are able to deal with regional specificities and support collaboration between the Baltic Sea countries and policy sectors on fisheries management and to engage stakeholders in fisheries governance [29, 50, 60] . Indeed, collaboration between the Baltic Sea countries might also be useful from the food security perspective, for example, when dealing with the bureaucracy relating to accessing large export markets and ensuring that there is sufficient supply of safe-to-eat products. The latter is of special importance, owing to the spatial heterogeneity of the dioxin problem and varying national quotas and fishing areas. Therefore, in order to maximise the supply of safe-to-eat Baltic herring on the EU fish food market, it might be useful to consider catch use governance at the regional level. However, further work is required to explore how to reorganise the governance system to support the inclusion of food security in fisheries governance.
Some limitations regarding the feasibility of the results remain. Mainly, owing to time limitations at the workshop, the side-effects of implementing the identified actions were not discussed explicitly, although many of the related challenges and benefits were mentioned during the discussions. Therefore, for example the potential negative environmental side-effects of size-selective fishing [74] were not discussed and further studies are needed to determine the feasibility of the action. However, since the majority of the Baltic herring catch currently comprises small herring, there is already potential to increase the availability of herring suitable for human consumption by sorting the catch. Finally, increasing the use of Baltic herring as food could have implications to fur industry, but these were not discussed. From the food security perspective, using imported fish as feed to fur animals, instead of Baltic herring, might not be a sustainable and ethical solution. Thus, the integration of food security and safety aspects in fisheries governance entails holistic planning.
Conclusions
This paper has studied the integration of food security and safety issues in fisheries governance to increase the contribution of fisheries to the food security objective in a sustainable manner. The paper argues that owing to the increasing demand for fish as food and the universal ethical principles encouraging the prioritisation of the use of wild captured fish for human consumption, there is need for a paradigm shift in fisheries governance. This involves defining the EU CFP food security objective more explicitly also in relation to forage fish that has been underutilised as food, as well as widening the scope of fisheries governance to address the use of the catch. The shift also implies confronting the traditional, reactive approaches to fisheries catch use governance and management. Using Baltic herring as a case study, the paper has demonstrated that even a fishery with multiple problems, such as the dioxin problem, low demand, and limited supply of fish suitable for human consumption, could increase the contribution of the resource to food security, both in the short and long term. However, owing to the multi-sectoral nature of food security and safety issues, collaboration between different stakeholders, policy sectors and across different policy levels are needed to facilitate the inclusion of food security and safety issues in fisheries governance.
